Amendment under 37 C.F.R. § 1.111 Q77850 
Application No. 10/679,446 

REMARKS 

Claims 18-21 are added as new claims. Claims 18-21 each depends from 
independent claim 12 and are directed to preferred embodiments of the recited method using 
specific compounds. Support for new claims 18-21 can be found, for example, at pages 
41, 42 and 47-48 of the original specification. Accordingly, no new matter is presented, 
1. Response to Claim Rejections Under 35 U.S.C. § 103 

A. Bell or Brooker et al in view of Feldner et al and/or Foucault et al 

Claims 12 and 13 are rejected under 35 U.S.C. § 103 (a) as allegedly being 
unpatentable over either of Bell (U.S. Patent No. 4,551,413) or Brooker et al (U.S. Patent 
No. 3,715,351), in view of Soini et al (U.S. Patent No. 5,891,738) combined with Feldner 
et al ("Non-linear optical properties of specific polymethines: influence of substituents 
and chain length", MCLC S&T Sec. B, Nonlinear Optics vol. 26(1-3), pp. 99-106 (2000)) 
and/or Foucault et al ("Two photon absorption in organic dyes relation with the symmetry 
of levels", Optics Comm. Vol. 15(3), pp. 412-415 (1975)). 

The references are applied as in the previous Action dated April 5, 2006. In 
response to the Amendment filed on August 18, 2006 and the arguments presented 
therein, the Examiner states that Applicants did not address the primary references now cited in 
the present rejection. 

Applicants respectfully traverse the rejection. 

First, Applicants note that in the paragraph bridging pages 3-4 of the Action, the 
Examiner mentions Kitagiri et al, which is believed to be an error since Kitagiri et al was 
not included in the rejection and since Kitagiri et al was clearly distinguished in the Amendment 
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filed on August 18, 2006. Applicants respectfully request clarification from the 
Examiner on this point in the next Action for the record. 

Further, Applicants note that it was previously argued that none of the cited references 
disclose a method for inducing a non-resonant two-photon absorption comprising irradiating 
with laser beams having a wavelength longer than the linear absorption band of the presently 
claimed compound, or a method for generating an emission of non-resonant two-photon by 
inducing non-resonant two-photon absorption and generating an emission as recited in the 
present claims. Thus, Applicants previously addressed all references cited in the previous 
Action. 

Specifically, Bell and Brooker et al are related to dyes and do not disclose, suggest or 
mention a method for inducing a non-resonant two-photon absorption or a method for generating 
an emission of non-resonant two-photon by inducing non-resonant two-photon absorption and 
generating an emission as recited in the present claims. 

Further, there is no motivation or suggestion to combine Bell or Brooker with Soini et al, 
Feldner et al and/or Foucault et al. 

Bell is directed to a recording element for optical data storage which comprises specific 
dyes and Brooker et al is directed to cyanine dyes used as spectral sensitizers for photographic 
silver halide emulsions. 

Soini et al is directed to a biospecific multiparameter assay method, which is non- 
analogous art. The Example 8 of Soini et al (US 5,891,738) discloses an example in which a dye 
is excited by using exciting light (578 to 772 nm) corresponding to the linear absorption 

10 



Amendment under 37 C.F.R. § 1.111 Q77850 
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wavelength of BHDMAP. Table 1 of Lee et al (copy attached), indicates that the absorption 
maximum of BHDMAP is 786 nm. 

Because the dye in Soini et al is excited by exciting light (578 to 772 nm) having a 
wavelength shorter than the wavelength of the dye, Soini et al is entirely different from 
"inducing a non-resonant two-photon absorption comprising irradiating with laser beams having 
a wavelength longer than the linear absorption band of the compound," as recited in claims 12 
and 13 of the present application. 

Feldner et al and Foucault et al relate to studies of the nonlinear optical properties of 
specific dyes but do not mention, teach or suggest a method for inducing a non-resonant two- 
photon absorption by irradiating the compound of formula (1) or formula (3) or a method for 
generating an emission of non-resonant two-photon by irradiating the compound of formula (1) 
or formula (3) and inducing non-resonant two-photon absorption and generating an emission as 
recited in the present claims. Thus, one of ordinary skill in the art would not have been 
motivated to combine the references as suggested by the Examiner since there is no objective 
reason taught in the references for modifying the references. It has been established that the 
prior art must suggest the desirability to modify or combine disclosures. The fact that references 
can be combined or modified is not sufficient to establish prima facie obviousness. In re Mills, 
916 F.2d 680, 16 USPQ2d 1430 (Fed. Cir. 1990). 

B. Nakamura et al or JP '466 in view of Devoe et al, Feldner and Foucault et al 

Claim 12 is rejected under 35 U.S.C. § 103(a) as allegedly being unpatentable over either 
of Nakamura et al (U.S. Patent Appin. No. 2002/0045128) or JP 2002-072466, in view of Devoe 
et al (WO 01/96917), Feldner et al and Foucault et al. 
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Applicants respectfully traverse the rejection and submit that the cited references do not 

teach or suggest the present invention, whether taken alone or in combination, based on the 

following. 

Nakamura et al specifically teaches that the recording material disclosed therein is for 
"heat-mode exposure". Paragraph [0013]. Further in paragraphs [0014] and [0015], Nakamura 
et al discusses the disadvantages of photon-mode exposure and at paragraph [0183] it is 
specifically stated that substantially no image is formed through photon-mode exposure and that 
the recording material of Nakamura et al requires heat-mode exposure for image formation. 
Therefore, Nakamura et al teaches away from photon-mode exposure. Thus, one of ordinary 
skill in the art would not have been motivated to combine Nakamura et al with Devoe et al, 
Feldner et al and/or Foucault et al with a reasonable expectation of success. 

Further, JP '466, Devoe et al, Feldner et al and/or Foucault et al are not related. JP '466 
relates to a photopolymerizable composition suitable for lithographic printing, whereas Devoe et 
al is related to methods of fabricating encapsulated optical elements using multi-photon 
polymerization techniques, and Feldner et al and Foucault et al merely describe nonlinear optical 
properties of specific dyes. However, there is no specific teaching or objective reason for 
combining the references as suggested by the Examiner to arrive at a method for inducing a non- 
resonant two-photon absorption by irradiating the compound of formula (1) or formula (3) as 
presently claimed. 
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C. Urano et al or JP '009 in view of Marder et al, Devoe et al, Feldner et al and 

Foucault et al 

Claim 12 is rejected under 35 U.S.C. § 103(a) as allegedly being unpatentable over Urano 
et al (U.S. Patent No. 6,153,356) or JP 09-134009 in view of Marder et al (WO 02/079691), 
Devoe at al, Feldner et al and Foucault et al. 

Applicants respectfully traverse the rejection and submit that the cited references do not 
teach or suggest the present invention, whether taken alone or in combination. 

First, Applicants note that on page 6 of the Action, the Examiner refers to Nakamura et al 
and JP 2002-072466, which are not included in the rejection. Therefore, Applicants are not 
certain of the Examiner's basis for asserting that the combination of Urano et al or JP '009 in 
view of Marder et al, Devoe et al, Feldner et al and Foucault et al renders the presently claimed 
invention obvious. 

Neither of Urano et al and JP '009 teaches or suggests the presently claimed method and 
there is no objective reason to combine the references as suggested by the Examiner. 
Specifically, Urano et al and JP '009 relate to photopolyermizable compositions suitable for 
lithographic printing, whereas Devoe et al is related to methods of fabricating encapsulated 
optical elements using multi-photon polymerization techniques, and Feldner et al and Foucault et 
al merely describe nonlinear optical properties of specific dyes. As discussed above, there is no 
specific teaching or objective reason for combining the references as suggested by the Examiner 
to arrive at a method for inducing a non-resonant two-photon absorption by irradiating the 
compound of formula (1) or formula (3) as presently claimed. 
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In summary, Applicants respectfully submit that the Examiner has not made a prima facie 

showing of obviousness. The present invention is patentable over the cited references. 

Accordingly, Applicants respectfully request withdrawal of the §103 rejections. 

II. New Claims 18-21 

New claims 18-21 are directed to preferred embodiments of the present invention using 
specific compounds. New claims 18-21 depend from independent claim 12 and are patentable 
for at least the same reasons. 

III. Conclusion 

In view of the above, reconsideration and allowance of this application are now believed 
to be in order, and such actions are hereby solicited. If any points remain in issue which the 
Examiner feels may be best resolved through a personal or telephone interview, the Examiner is 
kindly requested to contact the undersigned at the telephone number listed below. 

In view of the above, reconsideration and allowance of this application are now believed 
to be in order, and such actions are hereby solicited. If any points remain in issue which the 
Examiner feels may be best resolved through a personal or telephone interview, the Examiner is 
kindly requested to contact the undersigned at the telephone number listed below. 
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The USPTO is directed and authorized to charge all required fees, except for the Issue 

Fee and the Publication Fee, to Deposit Account No, 19-4880. Please also credit any 

overpayments to said Deposit Account. 

Respectfully submitted, 
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Near-IE Dyes In Three-Color Volumetric Capillary 
Cytometry: Cell Analysis "Wiii 633- and 785-nm 
Laser Excitation 

Lfoda G- Lee, Sam L. "Woo, David F. Hand, Robert S. Dubrow, and Thomas M. Steer 
juntafn View, California 
w 29, 1 994, noscprca April 7. >yys 



ScvcraS OuOrcSCcnt dyes that absorb In the near* 
infrared are described. The pho testability and ag* 

gregatsow properties of the dyes were examined. BHMp. a i«5 wa^y-ii**, 
Two of the dyes, BRMP and SHDMAP, emit at 805 
nm m& were useful dyes for protein labeling. A 

sttisd-tacr,, three-solor scsmitag instrument w.is Key terms; mode laser, 
constructed. CD>3 -i- CD4 + and CDS + CDS + papula- CS>4 enumeration 



based on the Kuorencessce of Cy5, CyS.5 and 



oear»IR fluorescent dyes, 



The Cetectton of fhioresccndy labeled biological 
probes has become integrated into many research tools, 
encompassing instrumentation and reagents in flow sy- 
tomesry (2 J, p), oHgosaccbairitte sequencing (10), fluo- 
rescence microscopy (?) and DNA mapping (3) and se- 
quencing (23). The requirements for fluorescent probes 
for biological labeling include wsrtsrsol<ibiUty, bigh ex- 
tinction coefficients and quantum yields, and photosta- 
Wlity. For multiparameter analysis the availability of 
spectrally resolvable dyes is also required. Fluorescent 
probe* span the UV and "risible wavelength!; (300-800 
ran) (6). The envelopment of fluorescent probes has re. 
cendy progressed towards tonger wavelengths ((300-800 
sun) in order to white mcxpensivc light Sources and to 
allow excitation in a region of the spectrum that has less 



We wished to exploit the low cost, compact stee and 
high reliability of Hc-Nc and diode lasers ibr fttwrcte 
cence detection or labeled celts. A cell-counting device, 
the Volumetric capillary CytosBctcr (VCC), based on the 
633*>m He-Nc laser has been previously described ( 1 1 > 
In this paper, we describe die addition of a diode laser to 
the VCX: that permits two orthogonal channel* at Sow 
additional cost, 7b o»r knowledge, this system is the fits? 
demonstration of ceil enumeration using dyes emitting in 
the near Infrared (1R) spectral region. 

Diode lasers at 635, 670 and 7*10 nm arc commercially 
available. The arytouUbrate cyaalnc dyes, C.y.5 and Cy5.5. 
are excellent fiuoropbow Tor the diode lasers at 655 and 
670 nro (14, 24). Squaratac dyes have also been devel- 
oped that absorb at 635 nm (22), Dyes that can be ex- 
cited at 7»0 nm have been described for eovalcnt label- 
ing of proteins (19, 20 ) and oligonucleotide* (15). 
Detection of oligonucleotides with these dyes appeared 



to be effective; however, detection of proteins labeled 
with these dyes apparently required solution in 50% 
metbsBoi, presumably to decrease dye aggregation. 

A major challenge in detagatag dye* for protein label- 
ing is minimizing aggregation of the dye, since aggregated 
dye is essentially non-fluorescent. Most synthetic organic 
dyes are large, planar structures that arc intrinsically hy- 
drophobic and have a tendency to aggregate In aqueous 
solutions. Dyes that absorb In the red end of the visible 
spectrum (600-800 nm) have additional tendency hi 
stack due to their increased size and hydrophobicity. Ag- 
gregation is enhanced in high salt solutions and when 
dyes are in high local concentrations on protein surfaces. 
The absorbanee maxima of the aggre^ted dye in both 
cases is shifted to shorter wavelengths compared to the 
monomcric form. The effect of high salt on dye aggrega- 
tion Is similar to the increase in stacking Interactions, and 
hence. T,» of double-stranded DNA in high tone strength 
solutions (17). 

Cyasine dyes arc well-known for their tendency to ag- 
gregate. partJcuWiy In aqueous solution, Dye aggregation 
can be rointnsfeww* by constructing dyes diat are highly 
iodic. The structures of CyS and Cy5.5 include aromatic 
sulfonate groups; these dyes have minimal aggregation in 
3,8 M NaCl or on proteins. Presumably, the negatively 
charged sulfonate groups both Increase water solubility 
and stcricdly prevent stacking. A similar effect could be 
expected from » positively charged group attached to the 
dye carotnophore. 
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We describe here hcpiiimeihine s^ausnc dyes coniniiv 
ing pyrtdfoliaai ions at the centra! raethlnc. These dyes 
were inspired by the work of Strekowski ei cd„ in which 
the central metftinc group of tscptaraethint! cyanine dyes 
were substitutes wtu» vaxjous jiewiral atonraue moieties 
(1?, 20). We discovered that by Substituting dkikyisml- 
nopyridlntum Sons the resulting dicstionSc dyes are ex- 
tremely water-soluble and surprising*? stable. The dyes 
absorb in the near IK, exhibit mUiiruat aggregation and 
are suitable for protein labeling and cell identification, 

MATERIAJU5 AN» METHODS 



(2 M) was purchased ftom Applied BJasvstems (Foster 
City, CA). Reverse-phase thin-layer chroosffitography 
plates we** purchased, from Anateecfe (Newark, DB> Suc- 
emimsdyl esters; of CyS.29 arid Cy5.5 were purchased 
iam Biological Detection Systems (Pittsburgh, PA"), 
Monoclonal antibodies were purchased irons Beetoa. 
Dickinson Jmmunocytometry Systems (Swj Jose, CA). 
Scphadcx G-25 wis purchased irora Pharmacia Biotech 
(Piscataway, iSJ). All other chemicals and solvents were 
purchased £rom Aidrich Chemical Co. (Milwaukee, Vfl> 

Araaiyilcai Methods 

proton nms. spectra were performed by Acorn NMR 
(Prcmoat, CA) using a Nicolct 960 MTfes NMR spectrom- 
eter. UV-vtelble spectra were obtained on a Qedunan DU 
650 spectrorihotortieter. Fluorescence spectra were ob- 
tained on a SLM Amiisco AB Series 2 luminescence Spec- 
trometer equipped with a Hitachi 2<S56 phoiomultiplicr. 
Analytical HPIC was performed on Waters 600E system 
controller with a Waters e% pftotodipde array dctcetpr, 
Sepatmton systems utilized reversed-phase columns fo- 
ros R2/H, 4,6 X. 100 mm or Waters Nova-Pak CS, 5.9 x 
ISOmai) and gradients of O.J M trietbylammottium ace- 
rare and nceronitrtlc. 

Optic* and MeCbaui.es 
Helium-neon lasers (3 mW, 31G3P) were purchased 
from Uniphase Corp (San Jfosc, CA), Diode lasers ( 5© mW, 
HL7851G) were purcMsed fifons Hitachi (Brisbane, CA). 
nitc*$ were purchased front Omega Optical (Brattleboro, 
VT> Pbosonsulrtplier tubes (3896) were purchased from 
Harnamarsu (Bridgewaier, NJ). Gsdvaaomecets were pur- 
chased from Genera) Scanning (Watcrtown, Ma). Olass 
capltlaries (35 x 500 (*M) were purchased from Vitro 
Dynamics {Koctatway Bestcfe, f*0). Software analysis was 
pedbsroed watb Labvlew v.a.O ftora National instruments 
(Austin, IX), 



A mixture of I,3.3.iriajeUwliiidoii«e(5.8 g. 23 mwol) 
and bromobexanoic acid (rf.6 g, mrooi) was stirred 
node? nitrogen at 1I0°C for 12 h. The red solid was 
triturated with refkixlag ethyl aceiBie <2 x 20 mL) foi- 



iowed by rcflwdrtg acetone (20 mL). The p 
■was filtered and air dried. Yield; 63 g, IS mmol, 77SJ. ! H 
NMH (CD5OD) 6 1.5*5 <m, 2K), l.tfi (s, «b). 1.7J (m, 
ZH^ 2.00 (m. 2HX 234 (t,J » 7.3 Ha. 2H), 4.53 (CJ - 
7.7 Hit, 2H), 7.62-7.5 (m, 4h). The Z-mtthyl protons are 
acidic and exchanged with the deuterated solvent. 

^-|^A^Ub^S^!oro-2,4-(propnnc-l J 3'-diyI)-2,4. 
p«jfe?d3es-l-yllde£se)3£iilifiluDi chloride 

A modification of the procedure of Reynolds and Drcx- 
bagc was used (16), A solution of dimethytformamide 
(7.6 g. 100 mmol) and cHchlorometharte (2 mL) was 
cooled In ice with stirring under nitrogen. Phosphorus 
oxycblorlde ( 12 g, 75 mmol) in dichlororaethane (2 mL) 
was added dropwise over to min, Cyeiohexanone (2 g. 
20 mmol) in dteWoromctnanc (3 mL) was added drop- 
wise over IO min, The solution turned yellow. The solu- 
tion ww refhssed for 3 b and became orange. 

The solution was poured onto 50 g of ice. The organic 
layer was separated and discarded. AeSiine (5 g, 54 
tnsmoJ) w»s added. A dark purple precipitate formed im- 
mediately. The solid was filtered and washed with I N 
HQ and air dried. Yield; 1,9 % 53 mroof, 27%. 

2-|4^Cr^e^7'<i'M^"^wbcecypei!i i tyl|-5"3''- 

bronaide (BHCI) 
A solution of i<5'-earboxypenryi)-233^meTnyi»n- 
doiinium bromide (1.2 g, 3.4 mmol), Af4S-«tsiiino-5- 
ebfom-2,4-(r>ropane-l'3''diy!).a,4-pentadten-l-yiideije- 
Janllittium chloride (0.57 g, i& mraol), sodium acetate 
(0.38 g, 3.4 mmol) and eshwiut (20 mL) was reflwsed for 
30 min. The solution was concentrated to dryness and 
she residue was washed with 1st ethyl acetate-.rtsxanc 
(20 rut). The residue was dissolved in metfcytefit CJSo- 
rtde (50 mt) and washed wUb 1 N ltd (2 X 20 mL), 
brine <20 rni) and dried (No^SO.,)- The sticky solid was 
dissolved in metbykne chloride (2 mL) and precipitated 
with ethyl accrafe (50 triV), Residual solvent was re- 
moved to provide a purple solid (0.65 g, 0,@5 mmol, 
535* ). 4 H NMR (C&,OD) & 131 (m, 4U% 1.7 (m 4H>, 

1.74 (S, 12H). 1,37 (m, 4H), 1.P7 (m, 2H), 235 (m. 4H), 

2.75 (m. 4H), 4.18 (m, 4M), 732 (m, 2K), 7.4-735 (m, 
811), B.45 (m, 2H), 

BHDMAJP 

To a. solution rXBHa (50 rug, 0.066 mmol) in DMF ( I 
mL) was added 4-dimcthytomtoopyridirie (20 mg, 0,16 
mraol), The reaction was monitored by thln-iayer chro- 
matogfsphy (TIC) on wcrse-phase plates with metha- 
nol dtirioa The sorting chloride had m rU of 0,25 and 
tlw product h«a an of Kero, Ajfier 15 h at ambient 
temperature, the reaction was complete. Ether (5 mi) 
was added, and the dark precipitate was separated by 
cenymigatiorj. The solid was redlssolved in dmf (03 
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mi) and precipitated with ether (5 mL), The green, gold- 
reflecting sq1I<J was dried on a rotary evaporator. Yield! 
45 m$, 0.051 mrool, 77*. l H NMK(CD,OD) 8 1.41 (s, 
im), 1.48 (m, 4H), x.6S» (ra. 4H), 1,85 (m, 4H), 2.1 I (m. 
2H). 2.56 Cm. 4H>. 2.84 (ro. 4H), 3.4? (*, 6H), 4.21 (m, 
4H),G.42(d,J « 11.8 BS.ZH). 6.94 CdJ- ll.8Hx,2HX 
7.3-7.5 <m, 10B), 8.50 (d.J - 6.7 Has, 2!!). 



BBMP wus synthesized from 5HO (50 rag, 0.06<S 
mmol) and tf-mofpheltnopyrMtne (15) (20 mg. O.I2 
rarool) by the same procedure as BHDMAP, Yield of 
green solid: 48 mg, 0.052 mmol, 79%. e m , - 23 * 10 5 
M" 1 cm"'. Th* quantum yield in Hs? was measured eel- 
atirc to IRI25 m OMSO [<j> » 0.1 3, (2)| and found lo he 
0.07. 'H NMR(CD»QO) $ 1.42 (s, tZH). 1.47 (ra, 4B), 
1,68 (m, 411), 1.85 (m, 4HX 2.10 (m, 211). 2.30 (ra, 411), 
2.85 (no, 4H> >.97 (s, 8H> 4.23 (m, 4H), 6.40 (d,J m 
13.9 HB.2H), 6.94 (dj * 138 Ht, 2HX 73-7.5(m.8HX 
7.55 C<1, J - 7.7 Hz, 2H), 8.56 (dj - 7.7 Hx, 2H). 



To a solution of BHC1 (10 mg, 0.015 romot) lo T)MP 
(0.2 mL) was added l-roetfeyllmidazolc (30 rag. 0.37 
mmol). After 5 days, TLC analysis o« fevcres-phasc with 
methanol as cJuote showed so remaining starting mate- 
rial Solvent was evaporated and the residue dissolved in 
methylene cMoride (0.1 5 mL) and precipitated with hcx- 
ano (? mt.). The solution and preempt tstion was ftpeaevd 
to provide a darfc oil Yield; 7 nig, 0.008 mmol, 80* . 'H 
NMB(CD H OD) 8 1,45 («, 12H), 1.48 (m. 4H). 1,68 (m, 
411). 1.85 (m, 4H), 2.1 (m, 2HX 235 (ro, 4H), 2.85 (m, 
4H), 4.22 (ro, 4H). 4.25 (s, 3H), 64 (dj - l4 Ha. 2H), 
688 (d, J - 14 Hy, 2H). 7,3-7.5 («i. 8H), 7.52 (bra, »H), 
7.57 Cbr s. 1H). The proton ut the 2-po*ldoo of the ira- 
tdaKolmm moiety was nut fcwnd, 



A mixture of 4,5-benzo-2,3,3*Wlmethyltodoitoe (0.5 K. 
2.4 mmol) and bromohexanoic add (0.5 g, 2.6 mmol) 
was stirred uader nftrogan at 1 10*C for 2 h. The black tar- 
was triturated 20 mt acetone. The gray powder was fil- 
tered and air dried, Yleldi 0.8 g, 2 mmol, 83%. 'H NMR 
(CDX>D)« L5S>(ra, 2H), 1.73(m, 2H), 185 (s.6H), 2,06 
Cm J 2B),2.55<t,J - 7.0 Hz, 2H* 4.64(1,1 - 7.7H«,2H), 
7,7-83 (m. 6H). The 2.methyl proton* are acidic and 
exchanged with the deuiemwd solvent 

M4'-Obloro-7'-C4"3''>befMto.l''- 
(5'"'«ttrtM«rypenty{].3 "^''^meshyliradolliji. 
r , ^lk^e)-5%5 , 4>rO|mn«.X''''3"''.dlyl). 
l',3'i5'*»»epo«rl«t*.| Vyi}^5-fa«izBO-l- 

(5"" '-cwrboxypcftrvl>3,3- 
dtaiethiyJS^tousira bromide (NHO) 
A mixture of 4,5-bcnzo-H 5'-carbo>typeotyl>23,3Hri. 
snethyHnaolinuta bromide ( t [0 rag, 0.28 mrool), MJ5- 
afiiimo.i5.chloro.2,4-p«'opsne.r.5 r .dlyl)-2.4.pentadk:r!.T. 
ylidcocMUnlnwoi chloride (SO mg, 0.14 mmol) and 



sodium acetate (100 mg, 0,72 mmol) was dissolved to 
e&iorstsi (20 mL> hfrvc stirrissg at room tetaparatmre for 
15 b under .V* the solvent was removed tinder reduced 
pressure. The residue was triturated with a 1 si solution of 
ethyl acetate and nexwnc (100 nil) to give a dark green 
solid. The solid was washed with 1 N tiCI (5 mL) asid 
dried in vacuo. Yield: 68 mg, 0.79 mmol. 56%. 'H 
NMR(CD»OT»: 5 1.56 (m P 4H), 1.75 (m, 4H). 1.94 (m. 
4H), 1.98<m, m% %M <s, 12M), 2.34 (m, 4H). 2,75 («, 
4H), 4.3 (tn, 4H), 7,5 (m, 2H), 7.65-8.26 (m, 12H>, 8.56 
(m, 2H). 



A soiuiionofNHa (10 mg. 0,012 mmol) and Ar-raeth- 
ylimidaJiolc (20 nog, 0.25 nwnol) io 50 fil of D.V1F w 
allowed to stand for 7 days. The solvent was there re. 
moved under reduced pressure and the residue was dis- 
solved in 200 (ii of methylene chloride and i ml of ethyl 
acetate was added to precipitate the product. Yield: 3.2 
mg. 0.0034 mmol, 28%, 'H NMR <CD,OD> & 1.42 {m. 
4H), 1.67 (m, 4HX 1.75 <s, 12H), 1.90 (m, 4H), 2.15 (m. 
2H), 2,25 (m, 4H), 280 (m, 4H). 4,2 (ra, 4H), 435 (S. 
3H), 6.25 (d,J - 14 Ha, 2H), 6.88 (d.J - 14 Hx. 2H). 
7.45 (d, J « 88 Ha, 2K), 7 55 (m, 2H), 7.65 (ru, 2HX7.83 
(d. J = 13 Hz, 1HX 7.95 (m, 4H), 8.12 (d, J - 8 5 Hz. 
2H), 8.28 (dj - i.S Hx, tH). The proton at the 
Hon of the imldaaollum moiety wws not fbuod. 



A Rotation of 1(5 '•carboxyp«ntyI>233.trf methylin. 
dotinium bromide (100 mg, 0.28 nmroi), /V4>i»limo-3- 
chlOfO-2.4-(ethane- 1 '3' 'd£yi)-2,4<pertladien-l -ylidenel 
Mlltnhira chloride (50 rag, 0.15 mmol), 4-raorpholino. 
pyridine(92 mg, 0,56 nM»oi)&ntl acetoniirilt! (a mL) was 
reflux*! for 3 mm. The solution was concentrated to 
drymss ami triturated with retains ethyl acetate (2 x 
20 nrt,), Tlse dark green solid was purified by chroraa- 
tography in wo portions on ocradecyMuMcriomdteed sil- 
iea gel (S/8" X 3"), The column was elwted with a step- 
gradient of acetonltrile and O.f % trifiuoroacetlc acid: 
20% Bcetotsi«le (40 mL). 30JS acetcmitrite (60 mL), and 
4(m acetonltriJc (40 mL). Pfaaions containing the dye 
were concentrated to dryness ai»d ariiwrared with ether 
(2 uO.% YteM: 13 mg, 0-015 named, XX%, 'H NMR 
(CD,OD) 5 1.S (m, 4H> 133 (s, 12H), 1.7 (m, 411), I.p 
(m.4HX2.32(tJ - 7 Hx, 4HX 5.14 (s. 4HX 3.93 (». 8HX 
4.2 (t,Jf - 7H1.4HX 6.22 (d.J » 14 Hr, 2H), 7.22 (d. J 
- H M*, 2H), 7.3-73 (m. 10HX H55 (d.J = 8 Ha. 2HX 



A general method for preparing suctilnlmldyl esters of 
the dlattylpyiidiBium eytmine dyes is described, using the 
specific example of BHDMAP. To a sofeitton of BHDMAJP 
(2 mg, 2 mmol) In DMF was added ^hydroxysaceini- 
ndde (3|ift 19 ramoi) and dicyt-lohexylcarbodilmldc (2 
mg, 10 jMBolX The reaction progress was m©m«>r«d by 
HPI.C on a Porosis column (2055 to 40% aeetonitriie vs, 
0.1 M aieihylamraonium acetate over three min, 5 ml/ 
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min). After 6 ft the resetted mixture contained Starting 
dye (17%), monoestaf ) aud dfcster (23% > Aeetk 
acid (20 hU) and methanol (0,5 rat) wac added and the 
solution filtered to remove dlcyelohex/incea. The *e*I«. 
Hon was concentrated to drysiess and raJisaoivcsS MOMf 
(0.5 nsL). The concentrators yf lissj succlraimtdyl esi*r 
solution was determined by dihidon of m aliquot into 
phosphate buffered saline and measurement of the optl- 
caJ density at 786 rati. Tbc concentration of SHDA4A? 
sucdiiimidyl as«r was found to be 12 mg/mL, 

Absorbancc Bpactsji of Byes 
A stock: solution, of dye in t>M9 or aeetonitrile -wa« 
diluted Into low (0.1 M NaC3, 50 mM phosplwe, pH 7} 
and high 0.© M Nad. 90 mM pbotphate, pH 7) suit bo- 
luttom at a concentration of 1 x 10"' WLThcaUorboooe 
of est* solution was measured from 500-900 nm. For 
determination of aqueous stability, solutions of dye in 
phosphate buffered saline {10 mM phosphate, 120 mM 
NttCI, 2.7 mM KO, pH 7.4) with «odiwm aakte (6 mM) 
and EDTA. (6 aH) were periodically monitored at their 
absosroaacc maxima, 

of S>yc» 

Solutions of dyes in phosphate Offered saline were 
irradiated In 1-siL methylacryfcite disposable cuvettes 
with a halogen lamp. The light -was directed to die cu- 
vette via m opdcal fiber. The initial a&50rb»nce of each 



dye varied from 0.5 to 1.7 o,r>. units. The absorbsnce of 
the dye solutions at the absorbancc maximum of each dye 
was monitored periodically. From a plot of the logarithm 
of tbc normalised abaorbance (la [DycVlOyeju) «■ dmc, 
the half-lifts of each dye was determined from least, 
spares analysis. 

Amlbody Labeling 
A general method for labeling antibodies is described, 
using the specific ©samples of ftOM and BHDMAP sue- 
cinimldyS men To a solution of Anti-tcu-3n <«CO-4, 100 
2,5 mgfaiL) was added 6HDMAP sucdnimidyl esteu 
(I A iiX, 12 rogft&U) and bicarbonate buffer (5 jiJU 1 M, 
pH After 15 snin at ambient temperature the excess 
dye was removed by size e*elu#ion gel filtration. The 
dye/protein ratio was determined by UV-visible absor- 
bancc spectra. The ipttinetion coefficient of she protein 
was assumed to be 1 70,000 em"' M"' nt 280 nm. 

CeH Stobetog 
A mixture of three dye-kbeied antibodies in FSS/B3A 
solution was prepared; Cy5-aCD3 <150 (J-S^mL), CyM> 
ftCW (100 pgftnl), and 8BMP~aCD8 (230 y.g'mslt), 
Blood from in-hoase donors {96 i&L), dyc-labtsled and' 
bodies (10 pJL> and detergent solution f> |*L> were 
mixed in an eppertdorf tube and allowed to incubate tst 
ambient tempcratui-e for 20 mia, The mixture -was drawn 
into a W tun rectangular capillary and scanned. 
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Volumetric Capillary Cytosneery 
Two liWHjns, a iJ-mW He-No at 633 nm and a 50-raW 
diode faser at 78 S aa, were used as ttcdiadon sources. 
Use power &om the Hc-Nc laser on the sample was T 
raW. The diode laser was operate at 50 mV9, and the 
power team the diode laser on the sample was 10 hjW, A 
corabtatloft of cylindrical mterojffinses and molded 
aspberes compciWHtcd (he diode laser aatlgmaUsm and 
provided a collintatcd, circular output beam with a dtam- 
eter of I mm (18), After eoilliaadoo, a line pass filter 
removed broad band spontaneous light emitted from the 
lasers, The two toners w«jre aligns using a dichrnic beam 
combining minor so (hat the laser beams overlapped and 
were parallel to approximately 0.1 rorad. The combined 
taser beams were directed to a scanning mirror mounted 
on a precision galvanometer with approximately 6 de- 
grees of scan range, After reflecHya off the scao mirror 
the bciims passed throuftfs n, series of (transfer lenses and 
-were focused an the capillary to a diameter of 10 (Aim 
with a 20X , 0,4$ NA microscope objective. Ttec 6 decree 
scam range resulted in 3 1 mm transverse scan tengsh 



across the width of the capillary in the (ocal plane of the 
objective. The capillary holder rested on s precision 
translation stage driven by a stepper motor that provided 
» longitudinal ;rmslation down Ore lone a** of the cap- 
illary. 

The Fluorescent emission &om the capillary was eol« 
lectcd by the microscope objective and retraced the 
beam path of the laser through the lens relay system and 
scan mirror, A series or I fate filters provided approxl. 
matcry 10" 8 attenuation of me laser emission while puss- 
ins 5Q5K of the dye fluorescence signal The fluorescence 
signal was focused by a 160 mm lens onto s 1 mm aper- 
ture to farther discriminate against direct reflections Of 
the teser bewm flrom swrfeces ©tftside of the focal plane of 
the scan objective, The different spectral regions were 
separated using one or more dicnrolc mirrors. The pho- 
(omtiltipliers tubes (PMTs) were chosen to have high 
gain, good quantum efficiency, and emended response in 
the IS spectral region. The onrpttfg from the PMTs were 
sent to a transimpedanec amplifier and an active filter 
that limited the signal bandwidth to approadmatch/ 1 Ulz. 
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The filtered signals we« <%itiaed by a high speed, 16 bit 
a/d convener and stored m the memory of a laboratory 
computer. 



Dyes 

Several pyrldinlum and iraidazolium dyes were synthe- 
siser and characterized Uy-'H NM&, absorbance and flu- 
orescence (Tabic 1). The dyes were Initially evaluated 
for tbeir tendency to aggregate on proteins. Aggregation 
can be simulated by measuring the abjwjrbance of the eiye 
in low and irigh sail sctlwtipns. High salt solutions perhaps 
simulate the environment of the dye in high iocs) con- 
centration »n the surface of a protein. The spectra of 
several ciyes tot low ( D, J M WaCt, 50 ffiM phosphate, pli 7) 
and high (3.8 M NaCl, 50 mM phosphate, pH 7) salt so- 
latinos, nod covakrstiy astached co antibodies were snea- 
sustid (Fig. 1 ). BHC1 appears to aggregate even in low salt, 
sad in high salt the absor&ance maximum shifts to shorter 
wavelength, The more tonic dye, BHMP, Hww Hwle ag> 
gregarion in low and high salt solutions. Upon covsdent 
acsachraent to antibaoy, Use absorbsnce maximum of 
BHMP succniitnidyj ester shifts by 7 run to longer wave, 
length (Irons 788 to 799 new) with a twofold decrease in 
fluorescence. Very little of the aggregated fo**» 
present, as noted by the very slight Increase of chc 
"shoulder* to Sic absorbancc spectrum at 740 ma, 

Tim longest wavelength dye, WHMI, shows snore sig- 
nificant stacMog in both high salt and on the protein 
surfiice. In high salt solution, the Aggregated form appears 
as ?. peak at 770 tin) in the absortsatiec spectrum. Upon 
antibody labeling, a 17 nm shift to lo»gcr wavelength 
(Sm 831 to 348 wn) and a fourfold (tecase in fiuO 
resctwe is observed. Appcaranco of the aggregated rbrns 
is noted in the ateorbaaee spectrum. 

The pyrldlnium dyes, BHDMAP and BUMP, are iJldls- 
ungu tenable in their absorbance, fluorescence and stabil- 
ity properties, and asa used intcf«h:ingeably, Both are 



stable at pH 7 for at least several months, and withstand 
labeling conditions at pH ^.0. Substituting the cyciohcx- 
ene group with cyclopentenc (BPMP) or substituting the 
pyrfdinium with IroldageUom (DHMl) produces dyes that 
are consWcraWy less stable. BHDMAP and BHMP rapidly 
decompose stpri 10 and would nut be suitable for label- 
ing materials that are utilised In alkaline conditions. 

The relative photon tablimcs of several cyanine dyes 
were snssusured in phosphate buffered saline (Fig. 2 ). The 
most sable dye is the pentamethine dye, Cy5. The re- 
maining dyes are heptatnethino dyes, of which the least 
stable dye is the cMoto^ubsttoted dye, BHCL substitu- 
tion of the chloride with dlroetnylaminopyridtfle to pro- 
vide BHDMAP improve* die photoatabllity in water sev- 
enfold. The photostafcilSdes of the pyddirriuiw and 
imidaKoJlum dyes, BHDMAP and NHMI, are comparable 
to the photostafrif hy of the arylstilfdnflte heptamctbine 
dye, Cy7. 

CSU.ANATV5IS 
A three-color volumetric capillary cytometry (VCC) 
laser scanner device was constructed to utiltoe the ciyes 
Cy5, Cf5.5 and BHMP (Fig. 3). The loses scanner per- 
forms a raster scan of a precision rectangular capillary. 
Fluorescence emission from the cap! Mary Is separated 
into wavelength Intervals by dicforoSe mirrors, and die 
emission intensity in these spectra! .regions is measured 
with these phetOtsrraUie-IietfS. The intensity information Is 
scored In a computer and, aftetr completion of the scan, 
this information Is used to reconstruct an tmupe of the 
capillary. 

Celt enumeration of CD3 + CD4+ and CD 3 -t-CD8+ 
popuistiOfW is £>erfor«*e<l in one capillary using Cy§. 
ctO>3, Cy5,5 «CD4 and BKMPctCDS (channels 0, t and 
2, respectively). Incubation and scanning are performed 
in undiluted, whole blood. Potential ceils of teterest arc 
identified by analyzing therCy5-«CD3 fluorescence image 
pt*"e. A threshold fluorescence level lor cell detection is 
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a volumetric oplttary cytwneter. The imnK shows 



set at a level just above the background fiuorcscencs 
from free dye-labeled antibody. The locution of the cen- 
ter of the ceil is determined by finding the pixel position 
with the greatest intensity in the vicinity of a potential 
cell. The cell center location in the Cy3-«CDS image U 
oseti as a starting point to find matching, nearby maxi- 
mum fluorescence signal locations in the othvt images 
planed These maximum fluorescence values are Korea, 
representing Jucasareroen w of the corf espeading antigen 
dcrwitScfi on the cci t surface. Plots of each of the remain.' 
lag fluorescence channels vs. fhe CyS-ctCDj- channel pro- 
vides dot plots of Ct>3 + OM + and CD3 + CD8 + popu- 
lations (Fig. 4), Cell counts were similar (within 10% ) to 
results from two separate reactions on a t&s-N* system 
(Cv5^CDVCy5-^CD4 and €y5-«CD3rt2y5,S*tCDfil). 



Substitution reactions on eyn&tee dyes are well known. 
Preceding she aromatic thiol KubftUtutiort of bepta- 
medttne* described by Strekowski « al. (19, 20), substi- 
tution of weso-alkosy and -alkylflsio groups of trhnethin- 



(3% ^eso-sobstltutfid oimethincs were also provided by 
the addition of l3*dlethyI-&thfobarbituric acid to acety* 
lenic dyes (12), Substitution product!! of 4»dimetfiyl;»iBi- 
nopyridlne (OMAP) and i -raedrylirnidjaolc with acid an- 
hydrides s*e generally fleering Intermediates in ester 
syntheses (7). Stable addition products Of these reagents 
to a variety of electrophlles have been characterized, 
some that yield fluorescent products (1.4), However, the 
addition product of diaiJcylaniiwjpyrldlnes and cyanine 
dye* to provide ionic dyes has not b 



The pyrltuniufrj-substituted dyes. BHDMAP and BBMP, 
Ms effective dyes tot ceil analysis, They are simple to 
Syntfeesisse and activate, and exhibit little aggregation on 
covalenr attachment to protein*. Their abanrbance 
matches the readily available diode laser at 78$ am and 
therefore peovidc* an Inexpensive color in cellular anal- 
ysis. Their disadvantages include tower photosoibiiity 
than Cy5, instaht Hty to alkali, and relatively low truantum 
yields. 

The goal of a second IK color was not achieved for 
3, The two longer wavelength dyes, BfW 
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Flo. A. Three-color •ratumcirSe capillary cytometry. Whole Wood 
wm IftOrtsaea wltti astec tfye-tafrsfea »»»flxHMwr cy*«0>3. CyS.5- 
" —• ilote ore shown. CyS-aCBJ 



and NI0W1, are enjuitabJei BPJMP la not stable In water, 
and NHMJ exhibits aggregation, and fcerefore lowosd 
fluorescence, when conjugated to antibody. En addition, 
phocomultSpllers tiiac arc scosftfv* In Use s-egioti >840 
run arc not routinely »vaiWate 

Cell enumeration using dye-labeled antibodies to CD3, 
CD4 and CD& Is commonly performed by flow cytome- 
try, A ^mmerciaHy available protocol (Beeion DickUv 
son) utilizes two-color labeling ami refute two sepa- 
rate antibody reaction? to count both CD5+CD4+ and 
C03 4- COS + populations. The advantages of ttoce-cotor 
m&ttysAs are' several! fewer antibody reactions are required 
for multiparameter reactions, a«d certain subpcpuiatioiis 
that can only be distinguished by three parameters can be 
analysed A disadvantage is the requireanqm: $>r more 
complex dots; analysis. 

In our scanning instrunsent, the signal Intensities of 
Cy 5 sad BHMP we approximately matched, <y though tltc 
quantum yield of BHMF C4» =" 0.07) b lower ihanCy5(0 
<= 0.30), the laser power on the sample is higher tor Hi 
excitation (to mW) than visible excitation (1 mW). 
Channel 0 (Cy5) and dsamtcl 2 (BHMP) are also com- 
pletely tmhogunal, Tlw lt*uk Of Overlap of the emission Of 
the two dyes J» reflected in the data) a horfisestel line can 
be drawn separating the CDS ■+ CDS— and CD5+CDS+ 
populations (Fig 4> the two visible dyes, CyS and CyS.5, 



overlap at 60% of chcir normalized emission spectra. The 
overlap is usually compensated by applying a correction 
based on taste-unseat response to the pure dyes. After 
compeasatioe, a horizontal Use can also be drawn scpa- 
rating tbe CD3+CD4- and CD34-CD4+ papulations. 
Our tisree-eoior system lias tbe advantage pf Inexpensive 



(eg., fluorescein, PJE, PBCy5> based on tt 
iaser, Otsadruwagse include Ow relatively large spectral 
overlap of the two visible dyes, and the added cornplcsity 
of a dual-laser system. Future work will include a dual 
laser diode system that will allow higher laser powers 
' n systems utilizing a Hc-Nc la» 
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